Intersection of the Steiner systems of M24  by Hasan, Z.
Discrete Mathematics 78 (1989) 267-289 
North-Holland 
267 
INTERSECTION OF THE STEINER SYSTEMS OF I& 
z. HASAN 
Department of Mathematics, California State Univemity, San Bernardino, CA 92407, U.S.A. 
Received 23 December 1986 
Revised 25 September 1987 
In this paper we prove a result concerning the intersections of the Steiner systems with 
parameters 5,8,24. We give the possible number of octads that can be common to two such 
systems. Moreover, for each of these numbers N we produce a pair of Steiner systems with 
exactly N octads in common. 
In this paper we prove the following theorem: 
Theorem. The number N of octads common to two Steiner systems (5,8,24), 
based on the same set Q of 24 elements, is one of the following: 
407, 231, 215, 183, 135, 119, 111, 103, 95, 87, 79, 71, 67, 63, 59, 55, 51, 47, 45, 
43, 39, 37, 35, 33, 31, 29, 27, 25, 23, 21, 19, 17, 15, 13, 11, 9, 7, 6, 5, 4, 3, 2, 1 
and 0. 
Moreover, for each of these numbers N there exist pairs of Steiner systems with 
exactly N common octads. 
The Steiner system S (S9 8,24) 
Definition. A Steiner system S (5,8,24) is a collection of 8-element subsets of a 
24-element set, SE, with the property that any five of the twenty-four lie in just 
one of them. The definition requires there to be (y)/(g) = 759 of these 8-element 
subsets or octads. 
Witt [5] proved that a Steiner system S (5,8,24) exists and is unique up to a 
relabelling of the 24 points. Thus any two Steiner systems with parameters 
(5,8,24) are isomorphic in the sense that if S, and SD are such systems then there 
exist a permutation of $ 24, the symmetric group of degree 24, which maps the 
octads of S’ onto the octads of S,. Since the full automorphism group of M24 is 
M24, the centraliser and normaliser of M24 in $24 are given by the identity and 
Mz4 respectively, the total number of Steiner systems is [$24: M24] = 
2” 3’ 52 72 11 13 17 19 . l . . . . . . 
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The MOG for M24 
We find it convenient to display the 24 points of D as a 4 x 6 array. The 
corresponding labelling is shown in the Miracle Octad Generator (MaG) in 
Fig. 1. 
The above mentioned array has been divided into three sets of eight points 
called the bricks of the MaG. 
Steiner spaces 
The power set of D, P(D), can be regarded as a 24-dimensional factor space 
over, GF2, the field of two elements, where the sum X + Y of two subsets X and 
Y of D is defined to be their symmetric difference. The binary Golay code C is 
taken to be a subspace of P(D) spanned by the octads of C. It turns out that Cis 
12-dimensional and consists of the empty set, 0, 759 octads, 2576 12-element 
subsets called dodecads, 759 16-element subsets called 16-ads and the whole set, 
D. In a similar way, to every Steiner system SA there corresponds a 12-
dimensional subspace C A of P( D) consisting of the same type of elements as in C. 
We shall refer to such subspaces of P( D) as Steiner spaces. Let SA and SB be two 
MOG 
Fig. 1. The Miracle Octad Generator showing the positioning of the 24 points of D. 
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Steiner systems with parameters 5,8,24 and CA and C, be the corresponding 
Steiner spaces generated by the octads of S, and SB respectively. Now, S, n S, is 
the complete set of octads in the subspace CA n CB of CA (and CB) containing 52, 
i.e. two Steiner systems intersect in the octads of a subspace of CA (and CB) 
containing Q, we shall call such subspaces even subspaces. Thus, in order to find 
all the possible intersections of S with other Steiner systems, we need to know the 
even subspaces of C. Normally, for n 2 6, we shall construct an n-dimensional 
subspace U of C by considering its annihilator U” of dimension 12 - II in C*, the 
dual of C. 
The factor space P(&Z)/C 
Consider the map 
P(Q) x P(s2)+ GF, 
defined by 
(X, Y)=O if IXn Yl E22 
= 1 otherwise, 
which is a symmetric bilinear form on P(G). 
If U c P(Q) then we define 
U’={XEP(B)I(X,A)=OVAEU} 
We know that dim U + dim UL = 24. If U = C then dim C + dim CL = 24. Since 
Cc C* and dim C = 12, C = CL. Define ex: C+GF, for any XE P(Q) by 
A* (X, A). Obviously, +x E L(C, GF2) (the space of linear maps from C to 
GF2). Let #: X-, & then since #x+y = & + & 
# E L(P(Q), C*) 
This implies that P(Q/C = C*, i.e. P(sE)/C is isomorphic to the dual space of C; 
for this reason we denote it by C*. Thus, for an n-dimensional subspace U of C 
the annihilator U” in C* is given by {X E P(Q) (X n Al E 22 VA E U}/C. 
For X, Y E P(Q) we write X = Y (mod C) if X + Y E C. For any 2 E P(Q) if 
1212 5 then we adjoin to it the octad through 5 points of 2 to get a set 2 + F of 
smaller size. Since 2 = 2 + F (mod C), the representatives for the 212 elements 
of C* may be taken as: the empty set 0, 24 l-element subsets or monads, 
(7) = 276 2-element subsets or dya& (7) = 2024 3-element subsets or friadr and 
1771 sextets, where a sextet is a decomposition of 52 into SIX disjoint teirads such 
that the union of any two forms an octad. 
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Any two tetrads of a sextet are congruent modulo C. To add two elements of 
C* we simply take their symmetric difference and read the result modulo C. 
Since any two octads intersect in 0,2,4 or 8 points, an octad cuts the six tetrads 
of a sextet 42 .04, 3.1’ or 24 .O? Therefore, the intersection matrix for the tetrads 
of two sextets is one of the following: 
(1) 
(3) 
4 0 0 0 0 0’ 
040000 
004000 
000400 
000040 
000004 
_ 
200011 
020011 
002011 
000211 
111100 
111100 
(2) 
(4) 
22000d 
220000 
002200 
002200 
000022 
000022 
. 
ilOO0,: 
130000 
001111 
001111 
001111 
001111 I 
Subspaces of C 
Let B = (01, 02, . . . , 0,) be a set of octads in C and A = (B, Sz) be the 
subspace of P(Q) spanned by B and Q. Since 52 E A the annihilator of A is 
contained in the ll-dimensional subspace of C* consisting of 0, dyads and sextets 
only. 
In general, A may be contained in several different §Mzer spaces C = 
Cl, C2, - l l 9 cs= 
We define D(B) = D(A) = n Ci, where the intersection is taken over all the 
Steiner spaces which contain A, and refer to D(B) as the subspace of C defined 
by B. 
Obviously, A = D(A). 
. Every Steiner space containing A contains D(A). 
If two Steiner systems intersect in A then A = D(A), i.e. a necessary condition 
for two Steiner systems to intersect in A is that D(A) = A. 
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The equivalence classes or blocks 
Let V be a subspace of C* and for X, y E Q we define: x -y if, and only if the 
dyad {x, y} E V. Clearly - is an equivalence relation-since {x, y} + {y, 2) = 
{x, 2). For simplicity we denote the dyad {x, y } by my. 
For any Q E 52, we shall refer to the equivalence class of GL as a block and an 
n-block means an equivalence class having n points of Q. For example, the 
&dimensional subspace 
V= 
A D 
A D 
has a 7-block, a S-block, three 3-blocks and 3 l-blocks. 
The even line 
Three sextets forming a 2- space are said to lie on an even line if the tetrads of 
any one cut the tetrads of any other 2.2.04. 
A& is transitive on even lines. The normalizing group of an even line is 
2! ($3 X $4) (See Curtis [l]). 
The octern group 
The octern group may be defined to be the centralizer in Mas of a certain 
element of order 3 in $&&, or, alternately, as the stabilizer of a certain purely 
dodecad 3-dimensional subspace of C. We display here the set s;1 arranged as a 
3 x 8 array whose columns are the cycles of this 3-element (the eight terns), the 
first tern having opposite sense of rotation to the others. 
For a more detailed description, see Curtis [ 11. 
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0ct3 - the octern space 
The 7 sextets of this 3-dimensional subspace of C* are just those in the 7-orbit 
of the Octern group on sextets. These are in fact just the even union of terns 
taken modulo C. The normalizing group of this space is Octem PSL47). 
Proof of the main theorem 
A list of all the even subspaces of C must include a subspace having the same 
number of octads as in a possible intersection of two Steiner systems. We shall 
show, however, that there are even subspaces whose octads do not occur as the 
intersection of two Steiner systems. Our work will be greatly helped by the 
following theorem due to MacWilliams. 
Theorem. Let S2 = n and U be a subspace of P(Q). Form the polynomial 
w,&, y) = A& + A#-‘y + A&‘-2y2 + l l l + Any” 
where x and y are indeterminates and Ai is the number of members of U containing 
i elements and W,, is similarly defined. Then 
1 
KY&, y) = fi WLI(X + Y, x - Yb 
Pr@sf (see MacWilliams and Sloane [3]). We can derive a formula for the 
number of octads in a subspace of C from the above stated theorem. 
Formula. If U is an n-dimensional subspace of C containing a, d is the number 
of dyads in the annihilator of U, U”, and IV is the number of octads in U then we 
have N = 2”-6(12 -I- d) - 9. 
Proof. U c C means that UI 2 C. Now, 
W”(X, y) =x24 + o.x23y + dx22y2 + o.x2'y3 + 6sx20y4 + l l ’ 
where s is the number of sextets in U” and we have used the fact that U1 does 
not have any monads, triads and so on. Similarly, 
1 
fi W”(.u + y, -r - y ) =&X+y)24+N(X+y)‘“(x-y)8 
+ D(x + y)'"(x - y )I2 + N(x + y)“(x - yy + (x - y)24]. 
1 
Since W,l(x, y ) = l~( W,(x + y, x - y) we can equate the coefficients of x22y2 
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on both the sides to get 
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therefore, 2”d = 24.23 + N(56 + 240 - 256) - 120, 2”-2d = 138 + 1ON - 30, but 
2” = Ir/l and thus, 2” = 1 + N + D + IV + 1, or D = 2” - 2N - 2. Therefore, 
Te2d = 144 + 16N - 3.2*, 2”d = 576 + 64N - 12.2”, and 64N = 2”(d + 12) - 576, 
which gives the required formula N = 2n-6(d + 12) - 9 
This formula will make things a lot easier because if there are a number of even 
subspaces of C which contain the same number of octads then if we are able to 
show that two Steiner systems intersect in the octads of any one of them, we need 
not consider the rest of these subspaces. 
In order to get all the possible N’s (where N is the number of octads in an even 
subspace of C) for all the subspaces of C containing a, we make use of the 
formula N = 2n-6(12 + d) - 9 and give n values such that 1 =G n < 12 and we can 
then work out d and finally obtain N as a result. For example, if we let U be an 
even subspace of C of dimension 7 then the maximum value of d in U”, the 
annihilator of U in C*, is (4) + 1 = 16. If U” has a 6-block such that the elements 
of S2 in this block form an & six points that belong to an octad, then u” is the 
space 
where the 2-block in the space consists of those two points of Q which together 
with & form an octad of U. Therefore, the number of dyads d in a subspace U” of 
C* of dimension 5 must be 
16,15,14,13,12,11,10,9,8,7,6,5,4,3,2,1 or 0 
and the number of octads N in the corresponding subspace U uf C must be 
47,45,43,41, 39, 37, 35, 33, 31,29; 27,25,23,21, 19, 17, or 15. 
Therefore, using the Formula, we note that the number of octads in an even 
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subspace of C must be one of the following: 
407,375,231,215, 199, 183, 135, 127, 119, 111, 103,95,87,79,75, 
71,67,63,59,55, 51,47,45,43,41,39, 37,35, 33, 31,30,29,28, 
27,26,25,24,23,22,21,20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 
9,8,7,6,5,4,3,2, 1 and 0. 
We now state and prove two lemmas to show that there is no even subspace of 
C containing 127,75,41,30, 28,26,24,22,20, 18, 16, 14, 12, 10 or 8 octads. 
Lemma 1. Let U be an n-dimensional subspace of C containing 52 and N be the 
number of octads in U. If N E 22+, where Z+ is the set of non-negative integers, 
thenn<4andN=0,2,4or6. 
proof. 
Case I. Suppose u contains two octads 01, 0, intersecting in two points. 
Consider S = ( 01, O,, 52)) the 3-dimensional subspace of U generated by 01, O,, 
and Q. S corresponds to the decomposition 10: 2 : 6: 6 of SE, where the elements 
of the space are those unions of decomposition factors which form C-sets. 
We can now adjoin C-sets to S to produce new cosets and then work out the 
number of octads in the new cosets. Any new coset of S is obtained by adjoining 
a C-set cutting the decomposition 10: 2 : 6: 6 in one of the following ways: 
10 2 6 6 # octads in the new coset 
6 0 2 0 3 
4 0 2 2 1 
2 2 2 2 3 
5 1 1 1 2 
1 1 3 3 4 
3 1 1 3 2 
5 1 3 3 0 
We call a coset of S determined by a C-set an even or an odd coset according as 
the C-set hits S evenly or oddly. We note that an even coset of S (other than S) 
contains an odd number of octads, whereas an odd coset of S contains an even 
number of octads. We also note that if U has dimensions n s 4 and N 22+ then 
N=2,4or6. 
We assume that n > 4. The number of cosets of S in U is 2”-3. Suppose that 
there is no C-set in U which hits S oddly. This implies that every coset of S (other 
than S) is even and, therefore, has an odd number of octads. Thus 
N=2+sum of 2n-3 - 1 off numbers = an odd number. 
We now assume that there is a C-set in U which hits S oddly. This means that 
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there are 2n-4 odd cosets and 2n-4 even ones; since if two C-sets hit S oddly then 
their sum hits S evenly. Therefore, 
N=2+sumof 2n-4 - 1 odd numbers + sum of 2n-4 even numbers 
= 2 + an odd number + an even umber 
= an odd number. 
Thus, our result holds in this case. 
Case II. Without loss of generality, we can assume that U is generated by 
octads. Suppose U does not have two octads which intersect in two points. 
Therefore, there is no dodecad in U. Since Q E U, N = # M-ads in U. But U has 
2” elements, therefore N = 2” - 2/2, which is an odd number unless n = 1, in 
which case N = 0 and U is l-dimensional. Therefore our result holds for case II 
and hence in general. 0 
Lemma 2. There is no even subspace of C having 41,X or 127 octads. 
ProQf. 
Case I. No even subspace of C has 127 octadk. 
Using the Formula, we see that the only subspaces of C* which can define a 
subspace U of C having 127 octads must be those which have dimension 3 and 
contain 5 dyads. Therefore, we are looking for a 3-dimensional subspace U” of C* 
which has 5 dyads. Obviously, U” cannot have a 4-block or higher ones. U” 
cannot have a 3-block since there is only one 3-dimensional subspace of C* 
having a 3-block, namely 
because M.4 is quintuply transitive on the points of Q, and the number of dyads 
in the space is 4. 
(.I* cannot have three 2-blocks because otherwise it has to be one of the 
following 3-dimensional subspaces of C* : 
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where the 2-blocks form an & and a U6, six points that do not belong to an octad, 
respectively and the numbers of dyads in the subspaces are 4 and 6 respectively. 
Hence, there is no even subspace of C having 127 octads. Cl 
Case II. No even subspace of C contains 75 octads. From the Formula, we note 
that the only subspaces of C* which can define a subspace U of C having 75 
o&ads must be of dimension 4 and have 9 dyads. We now look for such a 
subspace U” of C*. Clearly, U” cannot have a 5block. If it has a 4-block then 
there are the following possibilities: 
(i) U" has a 3-block. In this case, the points of a 3-block and a 4-block cannot 
form an &, because otherwise the 3-block will be forced to become a 
4-block and the number of dyads in U” will be greater than 9. Therefore, 
we assume that the points form a U,. Thus U” must be one of the following 
S-dimensional subspaces of C*, since the normalizing group of U, is $6 and 
the subspaces correspond to the cases when the special point in UT is in the 
3-block or in the 4-block: 
(ii) U” has a 2-b&k. Then U” must be one or other of two types of the 
following 4-dimensional subspaces of C* according as the six points of 
2-block and 4-block form an & or a U6: 
but the numbers of dyads in the spaces are 8 and 7 respectively. 
Therefore, U” cannot have a 4-block. Suppose U” has a 3-block and 
(i) If it has another 3-block we get U” to be one or other of two types of 
4-dimensional subspaces of C* according as the six points of the two 
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3-blocks form and S, or a U& namely 
However, we note that the number of dyads in each subspace is 6. 
(ii) U” has two 2-blocks. Now, if the seven points of the blocks in the space 
form an S;, we get a 4-block in the space. On the other hand, if the points 
form a U, then we get one of the following 4-dimensional subspaces of C* 
which correspond to the cases when the special point of U, is in the 3-block 
or a 2-block: 
But the numbers of dyads in the subspaces are 6 and 5 respectively. We can 
now assume that U” has no block bigger than a 2-block. Consider three 
2-blocks which form the following 3-dimensional subspaces of C*, 
according as the points of the blocks form an S, or a U6 
and 
The normalizing groups of the subspaces are 2.23. $4 and 3 .23. $3 respec- 
tively and the 4-dimensional subspaces containing the above subspaces and 
having no block bigger than a 2-block are 
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The numbers of dyads in the subspaces are 8,6,5,4,4 respectively. 
Obviously, one of them is the required subspace II”. 
Hence there is no even subspace of C having 75 octads. Cl 
Case III. No even subspace of C has 41 octads. In order to find a subspace U of 
C having 41 octads, we are looking for a subspace II” of C* which has dimension 
5 and contains I3 dyads. Clearly, U” cannot have a 6-block or higher ones. If U” 
has a S-block and a 2-block, then U” must be one of the only two S-dimensional 
subspaces of C* each containing a Sblock, namely 
where the seven points of the two blocks form a U, and the subspaces are 
obtained according as the special point in U’ is in the Sblock or the 2-block. 
However, the numbers of dyads in the subspaces are 12 and 11 respectively. 
If there are two 4-blocks in U” which form a T8 or a Us then U” must have 
dimension greater than 5. Therefore we assume that the eight points of the 
4-blocks form an S8 and get the following Sdimensional subspace of C* which has 
12 dyads: 
We have already discussed the case where U” has a 4-block and a 3-block (see 
Case II). If we consider a 4-block and a 2-block then we get the following 
4-dimensional subspaces of C * , corresponding to the cases when the six points of 
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the blocks form an S, or a U,: 
279 
The normalizing groups of the above subspaces are 2’.& and 22.3.($3 x C2) 
respectively. The Sdimensional subspaces of C* containing the above subspaces 
and having one 4-block and some 2-blocks are given by: 
But the numbers of dyads in the spaces are 12,8,9 and 8 respectively. We now 
assume that U” has more than one 3-Liock. Considering two 3-blocks, we get the 
following 4-dimensional subspaces of C* with normalizing groups 24.($3 x Q.2 
and 3.($, x $,).2 respectively: 
The S-dimensional subspaces of C* containing the above subspaces and having no 
block bigger than a 3-block are: 
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The numbers of dyads in the subspaces are 7,10,8,9,8 and 7 respectively. 
Hence, none of the above subspaces is the required subspace U”. Therefore, 
there is no even subspace of C having 41 octads. Cl 
Thus, the number of octads, N, in an even subspace of C must be one of the 
following: 
407,375,231,215,199,183,135,119,111,103,95,87,79,71,67,63, 
59,55,51,47,45,43,39,37,35,33,31,29,27,25,23,21,19,17, 
15,13,11,9,7,6,5,4,3,2,1 and 0. 
If we eliminate the numbers 375 and 199 from this list, we see that the remaining 
numbers are the same as the numbers in the statement of the main theorem. 
We now show that there is no Steiner system S’(5,8,24) such that 
IS n S’l = 375 octads or IS n S’l = 199 octads. 
No two Steiner systems can intersect in 375 octads 
Using the Formula, we note that the only subspace of C having 375 octads are 
defined by the l-dimensional purely sextet subspaces of C*, as far as Mz4 is 
concerned. Let a, b, c, d E Q and 
U”= 
The number of octads N in the 11-dimensional subspace U of C, defined by U” 
is 375. 
Lemma 3. No two Steiner systems can intersect in the set of octads in U, i.e. 
D(U) = C. 
roof. We take any five points of 52 such that the special octad of S through 
these points does not belong to U. We note that the octad through 
x xx xx 
B= 
does not belong to U. 
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To prove the result, we shall show that the only possible way to define an octad 
through B such that it is consistent with U is 
x xx x I 
x 
i 1 x I x -- 
which is a special octad in S. Let us name the points of 52 as 
X xx xx 4 
+-I- a al 5 b ;“b b2 6 
c CL cl3 7 
An octad through B, say 0 cannot have any point marked a, b or c because 
x xx x 
X xx x 
9 
are octads in U. 0 cannot have 1,2 or 3, since 
X xx x 
X xx x and 
K xx X 
X 
X X 
9 
X 
belong to U. 0 must have 4 or 7 and 4 or 6, since 
K xx x 
x xx x 
x x XX xx 
X and xx 
X XX 
XX XX 
X xx X x x X X 
x and x 
X x X 
X X X 
belong to U. This implies that 0 cannot have 4, otherwise we should Irave 7 pair .s 
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in 0. Hence, $6 and 7 are the remaining points of 0. Therefore, the octad 0 is 
x xx xx 
x 
x 
x 
which is a special octad of S. Thus D(U) = C. Hence, no two Steiner systems can 
intersect in 375 octads. Cl 
No two Steiner systems can intersect in 199 octads 
The only subspace U of C having 199 octads can be defined by the following 
2-dimensional subspace V” of C* : 
U” = (ab, acde, bcde, 0}, 
where a, b, c, d, e E 52 and the position of the points is 
a b 
e 
and let Do = {ab, 0) be the l-dimensional subspace of C*. In the following lemma 
we prove that two Steiner systems cannot intersect in 199 octads of U. 
Lemma 4. D(U) = D. 
f. To prove this we need to show that the only possible way to define an 
octad through 
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such that it is consistent with W is 
9 
x xx xx 
x 
x 
X 
‘ 
For each N remaining on our list, we shall produce an even subspace U of C 
containing N octads and a permutation z E !&J& such that the Steiner systems 
S and S” intersect in the N octads of U, i.e. IS n S”l = AL We write this 
information in the Table, where, for instance, the entry in the thirty-third row 
and first column is: 
which is a permutation, say 36, of $24\M24. Fixed points of $2 are represented by 
dots and al+a2*a3-a4-al, bl+b2+63*b4+61.The entryinthesecond 
column of the same row is a subspace U” of C* which defines a 4-dimensional 
subspace of C having 15 octads. Cl 
which is a special octad of the Steiner system S in D (see Lemma 3). 
Permutation 
Of $2>"24 
I 
. . . . . 
. ..*a El33 .m*.o* . ...*. 
0. 0. 
. . . . .- 2-_ w . @I .a. . 0 . 0 l 
TABLE 
Number of 
Subspace U” Dimension of octads in 
of c* U u 
m 11 407 
P 1 
I 
. . . . l 
. . l l l 
,I 
. . . . . 
0 l . . . 
10 
10 
231 
215 
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Table (continued) 
Number of 
Subspace U" Dimension of octads in 
of c* u U 
Permutation 
Of $2254 
-I-I- Even line 
of 
Sextets 
10 183 
.q+ 
. . 0 . 0 
.o*.. El3 l . 0 0 . . ..o. 
l . . . . 
0 . . l a 
pt-fi 
. l 0 l . 
- . . l . 
---_- 
l . . . . . EH *we*.. ..o**. 
9 135 
9 119 
9 111 
Even line adjoined by 
9 103 
Even line adjoined by . .- . . . l c, E l . . . - . . . . - 95 9 
Purely sextet 
space - Oct3 
87 
8 79 
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Table (continued) 
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Permutation 
Of w24 
I 
0 . .a 
0 . l . lEEI 0 . . . . . ..*. 
ow.... 
. . . 0 d-l- . l e . l . 0 . 
i 
l . . . . . 
. . . 0 
l ..o 
l . . . 
. 
. ...*. F!E!El I .ew.*e . . . ..o 
Subspace U" Dimension of 
Number of 
octads in 
of c" 
FEEI 
u u 
Even line adjoined by 
8 71 
8 67 
8 63 
8 59 
8 55 
8 
7 
51 
7 47 
45 
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Table (continued) 
Number 
octads 
u 
of 
in Subspace u" 
of c* 
Oct3 adjoined by 
Dimension of 
u 
Permutation 
Of w24 . l 
I m . . 8 43 
m I I l . . . . . kid . . . . . l l . . . 7 39 
I 
, . . . 
0. .* f+l- l -.0. .=a.. 37 . . . 
0. . . EFEI . l . . . l l . . . . . 
l . . . . ilEl!F . -0.. . l . . . I 
35 
7 33 
31 
29 
27 
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Table (continued) 
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Number of 
Subspace U" Dimension of octads in 
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m 6 23 
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6 11 
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